Abstract In this paper, general analytical and computational technique for satellite-to-satellite visibility will be established firstly under the keplerian force, secondary under the effect of earth's gravitational field (oblateness). The development is generally in the sense that the visibility conditions can be used whatever the types of the satellite orbits may be. Many data are taken to illustrate our technique.
Introduction
A satellite under the influence of an inverse square gravitational law has truly constant orbital elements, that is, the set [a, e, M, i, X, x] is composed of constants devoid of explicit time dependency. For many practical problems, the approximation of two-body motion is sufficient, especially if two closely points on a trajectory are under investigation. There are situations in which the cumulative effect of the gradual shift or variation of elements from true epoch values according to perturbative forces cannot be ignored (Brouwer and Clemence, 1961 and Brouwer, 1959) .
Mutually visible satellites are defined as two satellites that can maintain direct line of sight between each other for a certain length of time. We primarily concerned with the rise and set time of a given satellite with respect to another, that is, the time of loss or gain of direct line of sight (Noton, 1998 and Maini and Agrawal, 2007) .
Rise-set function

Relative rise-set geometry
Consider the geometry defined in Fig. 1 . As illustrated, satellites (1) and (2) are in a state of relative rise or set. Indeed, if the vector S * , which emanates from the dynamical center of the Earth, had magnitude equal to or less than the radius of the Earth and if it were perpendicular to C 2.2. Analytical expression of the relative rise-set function 
ð2:4Þ
Then, from the figure
where a ¼ r * 1 Á r * 2 . It is then possible to obtain an analytical expression of the rise and set function, from the planer triangle, (Escobal, 1965) , as
where S is obtained from Eqs. (2.2) and (2.3).
The rise-set function defined by Eq. (2.6) can be used to predict explicitly whether or not satellites are visible to one another. The sign of R associated with visibility can be obtained by constructing a case in which direct line-of-sight visibility is impossibility as shown in Fig. 2 ; consequently we can get the rule that 1. Negative value of Rfi direct line-of-sight communication. 2. Positive value of Rfi non-visibility.
Reduction of rise-set function to a two-parameter function
In terms of the orbital eccentricity e, semi-parameter p and true anomaly f, the equation of each orbit can be expressed by the relation
Also we have
where
The standard orientation vectorsP * and Q * , where P * is a unit vector from the dynamical center which points at perigee of the orbit and Q * is advanced to P * by a right angle in the plane and direction of motion that is
ð3:1:1Þ
where x i is the argument of perigee, X i is longitude of the ascending node and I i is the orbital inclination (Escobal, 1965 and Kozai, 1959) . Now
ð3:2Þ
where 
ð3:4Þ where
and
If the two satellites in the same orbital plane we have
Variation of the orbital's elements
The expansion of a set of elements [a, e, M, i, X, x] about some epoch time t 0 can be attempted by Taylor expansions as 
: :
the previous series expansions are all encompassing in the sense of describing the physical situations. Analytical investigation of the oblateness effects of a central body on a satellite has shown that certain elements, such as M, X, x, experience secular variations (increasing or decreasing) from the adopted epoch values and periodic variations about these epoch values.
Other elements such as a,i and e are possessed of only periodic variations, a further distinction is made between short period variation and long period variations. The oblateness variations are caused by the continuous variance of x, owing the fact that the trigonometric functions of x have secular variations with period 2p (Escobal, 1965) .
Finally, secular variations are associated with a steady no-oscillatory. Continuous drift of an element from the adopted epoch value, short are associated with the trigonometric functions of linear combination of f and x, and long period variations with trigonometric functions of x (Escobal, 1965) .
So that the total variance of the element q can be written as Escobal, 1965) . Since the perturbative function
where e R: the perturbative function, U: the potential of the Earth, V: the potential of purely spherical Earth.
The potential of Earth is given (Escobal, 1965) , by
where m: the mass of the Earth, k: the gravitational constant, J i : coefficient of the ith harmonic.
Since
then perturbative function will be in the following form to the order of J 4 (Escobal, 1965) e
where a : is the semi-major axis of the orbit, e : is the orbital eccentricity, f: is the true anomaly, i: is the orbit inclination, x: is the argument of perigee.
We interest with the secular variation, so we omitted the short and long period terms from the perturbative function, which will be written as
Or for only J 2 -gravity
Since we are not interested with the periodic variation of the elements, the previous equation may be averaged over the given revolution as a r
Rate of change of the elements
It is possible to verify that the perturbative function, the elements of the orbit and time are related by Lagrange's planetary equations Visual contact for two satellites orbits under J 2 -gravity
ð4:2:1Þ
From the Eq. (4.1) of e R and by the previous equations we find that parameters a, e, i experience no secular variations (Escobal, 1965; Sterne, 1960 and Brouwer, 1959) .
Mathematically, the mean anomaly M is defined as
where T: the time of perifocal passage, n: the unperturbed mean motion.
To calculate the variations in the parameters which experience the secular variations, we find that sin 2 i ! nðt À t 0 Þ þ n 0 ðt À t 0 Þ:
Computational algorithm
In what follows computational algorithm of the mutual visibility between two Earth Satellites will be established whatever the types of their orbits may be.
Purpose: Mutual visibility between two Earth satellites. 
p cos hðF i ÞÀei and end.
6. If e i 1 then solve f i from Barkar's equation as follows
7. If e i < 1 then solve for E i from Kepler's equation using Newton method and then f i as follows 10. n i = r i cos(f i ) and g i = r i sin(f i ). 11. r
Compute the mutual visibility function R from Eq.
(2.6). Whenever this value is negative, the satellites can see each other at the given time t. 13. The algorithm is completed.
Results and conclusion
Test orbits
We will take as an example the following seven satellites. Satellite_1, Satellite_2, Satellite_3 and Satellite_4 are nearly circular, SatellitPe_5 is elliptical orbit, but Satellite_6 is parabolic orbit and finally Satellite_7 is hyperbolic orbit (http://celestrak.com). The three-line elements of seven satellites are:
Numerical results
We apply the above algorithm on some of the seven satellites to get the time and date of what satellite observes the other. Tables 1-7 give these results. 
